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2 and 3'. The bottom water samples. from less than 1 foot ahuve. the bottom)

sedime~nt werfe tAen with a specially designri holotuni-actualed device which
holds and trips a Fjarlit? bottle upon contaet with the bottomn sediment
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These water samplers were

attached n1 steries to a hydroqrab)hIC
wire . Sevf~rafl ZoE~el l tro~tid
Samrpliers. whiCh can1 be triqeCd in

sequenco, bjy the rnessencler released *

by exte~ hqher sampler on thie,

Nanwtrt ti j al (ibttles. I he Cobet

WactriologicaI samnpler wvas I)lar.(ld (It

the bottom because, it iough it is

Imriqerid biV a mv-ssenqur, it has no

facility for ircuasinq a messeniger to

trip samplers lower oni the wire. The

IbOttom-aetniated device! with a P jailie

bott le was secured to the hydro( raph ic
wire immediately above a 500-pouind

sinker attached to the end of the

wire, The attached water sainnlers,

were tripped by gliding a messenojer

down the wire, e:ither at predeternimied
depths or after contact of the 500-
pound sinker with the oottumn.

9- Bacteriological Analysis of Water
Samples

As each water sampler Was
recovered from the sea, it was remuved

-~ from thne hrydiographic wire andi

* placed in a holding rack on Ohw duck

of the ship, The first saiipli, of vate!r

fromn the samupler was tronslcrre' I

throjith at clean vinyl tribe to a qlas ~ Cobet sampler

bottle use~d for dissolved ox yqT'n

determintiton. 1 his was to wash

aviiy airy itanioi at ri r

sent in. dwe vinyl tutu', Ti, iini~iiniiql

to tir rla&. hlths fum iliiiitv Indt : 1,01" trill'". 'indl&L G ,ni /'111i

;r14imi;~~iii ()r to ;I stirri l k tiiIN ki I' i)I )Ill 11 111,11ii lo' d

an i a i,i r I dlii),,jr
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Figure~ 3. Cobol and ZoI~elI bacleriotogical saimplers.

Fiure 4, F jir Iii w A WtIIe2 hold if i a bul tori-,cttuitted dv. icn! dusigned to
)II(4 t i svawwatur siripilo imrfwla~itely ibov.: tho Sedimyent

'vdiu' trpud by vveight lowiJ bing botlem.,
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.The quantity ot seawater filtered through a 0.45-micron membrane
filter aboard ship depended upon the depth at which the samples were
obtained. Samples ranging between 5 to 10 cc were used for surface waters,
and 100-cc samples were used for waters at depths of 12,000 feet. On com-
pletion of the filtration, the filters were placed on the surface of a nutrient
agar medium (2216E) to culture the microorganisms caught on the surface
of the filter. This medium wvas developed by Morita and ZoBell 2 for growing
the aerobic marine microorganisms.

The petri dishes containing the membrane filters were stored in the
ship's refrigerator. Upon return to the NCEL laboratory, the dishes were
transferred to a refrigerator-incubator which was kept at a temperature of
150C. After 5 to 7 days' incubation, the small bacterial colonies growing
on the surface of the filter paper were examined under a stereoscopic micro-
scope, and each colony was counted and recorded. All phases of the
bacteriological work were conducted aseptically to prevent extraneous
contamination.

The laboratory methods, instruments, and techniques used for
determining water temperature, salinity, dissolved oxygen concentration,
pH, true depths at which water samples were taken, and other information
are described in References 3 and 4.

Bacteriological Analysis of Sediment Samples

The sediment samples taken for bacteriological analysis were obtained
with a gravity coring device and a 10-inch-diameter by 3-foot-long steel pipe
dredge. The core samples obtained were 1-3/8 inches in diameter and LIP to
2 feet in length; the pipe dredge produced several pounds of bottom sediment.

As soon as the coring device with the sediment sample was placed on
the deck of the ship, the plastic core tube containing the sample was removed
and the ends of the tube were sealed with sterile plastic caps. The sediment
from the pipe dredge was placed in a plastic bucket and covered with a tight-
fitting lid. The samples were then stored in the ship's refrigerator until they
were delivered to the NCEL laboratory where the bacteriological analysis
was made.

At NCEL, the plastic core tube containing the sample was cut into
3- to 6-inch-long sections with a hack saw. Central portions of the mud from
the freshly cut sections were used for bacteriol ogical analysis. Aseptic tech-
nique was used during all operations.

A 1-qram sample of each section of .,mdirTIt was&; weiglh ed mt, and
each sample was placed in a test tube conlainingl 9 cc of strik- siiwat r.
The test to bes were then shaken vigorously () obtain (iiiffr r susporIsion.



A '1v p-ir ertton of F',ih srrISuSO ion Was usc 1()f f1OCrThitw lo hc fofuv;inq
mredia: (1) outrient mediurm designated as 2216E developed by Morita
and ZoB(,'112 was ujsed for growing aerobic bacteria in petri dishes', (2) 0.1
tyram of sodium thioglycrilalo owtis added to a litcr ot 2216bE medium for
flruwin( ;iarbcbctrai she pray anaeroubic culture dishes, and
(31 nutrienit mnediumr'si 419aed as MI QE was used for growinct sulfate-
rcd4i nq Witr. l Approxiinately U12 gramn of sediment was placed in a
SCrWVVc-apPed'L lost tube filled with medium M 10E.

RESULTS

The bacterial popjulat ion found in the surface waters collected at
i4CEL test stations ranged from 5 to 100 cells per mil (Figures 5 to 10). This
population range is lower than the range recorded near the coastline by

off La Jolla, California (based on monthly observations for 10 years) ranged

from 420 to 620 per mi.
Below the immediate surfacc of th- Yea, the barterial Population

varied randomly with depth and location (Figure I11), The hiqh'5st bacterial
cont, 12,000 per 100 nil of seawater, was found at depths betw~een 2,300
to 2,700 feet in the minimum oxygen zrie (Figure 8). The lowest number
of bacteria, 5 tou 10 per 100 nil of seawater, was fou nd at the 12,000- foot
depth near the sea floor (Figure 10). The majority of the bacteria collected
from the minimum oxygen zone hid formed minute, slow-growing colonies
nn the surface of membrane filters. Under a stereoscopic microscopic, thc-.c
colonies appeared as minute, clear, glistening specks among fasteir growing
larger colonie-s. Thiese tiny colonies also devicloped in great numbers on the
surfaLe Of membrane filters in which sea~vater samples were taken at depths
between 3,600 and 4,600 feet on the same day and a short distance fromn
where the pruvic,'Js water samples were collected (Figure 9).

When the membran' filters wiht bacterial colonies were stored in a
refrigerator at about 5oC for about 2 months, examination revealed that
the clear, transparent colonies had become yellow pigmiented, To determine
the; cell morphology of these bacteria, a 48-hour culture was stained with
grain stains, When examnined kinder a microscope, the bacterial cells w~ere
found to bie grami-positive (purple) short rods of uniform shape arid size
(Fiqure! 12). A physiological test wais also conducted to dleterinen if it was
n terr.~strial forni which had become accustomed to living ini the marine
ene ironment I, The bacteria were inoculated into test tubes containinrg
iU t rient broti: made withI dist illed waler and also into another set of test

tubes Of nutrierit broth made With seawater. This particular species was
able to (row in bothI type(.s of nutrient broth, which indicates that its origin
coulid have been terrestrial,
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Figure 5, Relationship between vertical distribution of hact.rta and
environmental parameters (Stat ion 2, Cruise A 706-1,jJune 1967).
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Figure 12. Gram-positive microbes found at NCEL oceanographic
stations off the Santa Barbara Channel Islands at a

depth of 2,500 feet (magnified).

Five separate bacterial colonies which appeared to be quite different
from one another in shape and pigmentation were also selected for staining
and physiological tests. These bacteria were collected with sterile bacterio-
logical samplers in June 1967 at station 7 between the depths of 1,500 and

5,600 feet. All of the bacteria were gram-negative (red). Some bacterial
cells were of very irregular shape and form as shown in Figures 13 and 14.
Four of the five bacterial species were not able to grow in a nutrient broth
made with distilled water, but grew very well in a nutrient broth made with
seawater. Only one species of this group was able to grow in nutrient broths
made with distilled water and seawater, respectively. The deep ocean bacte-
rial species collected in these samples were not identified.

A sharp increase in the bacterial count occurred in a water sample
collected at the sea floor with a bottom-actuated sampling device (Figure 6),
This increase was attributed to the presence of small amounts of bottom
sediment collected in the Fjarlie bottle when it was tripped on the sea floor.
As a rusult, the majority of the bacteria isolated from this bottle on the
membrane filter were benthic microorganisms normally found inhabiting

the sediment.

14
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The engineering properties of marine sediments taken from this
area (oceanographic station 2) are reported in Reference 6, The results of
carbonateoorganic carbon analysis showed that the average carbonate con-
tent wa5 12.78% (range of 1.53 to 23.36%) and the average organic content
was i,3b% (ranq of 0.86 to 2.14%).

Sediment Samples

The sediment samples reported herein were obtained in June 1967
during Cruise A706.1 aboard the USNS DA VIS 1AGOR-5). Bacteriological
analyses of sediment and core samples obtained previously from various
STU sties have been conducted and the results have been reported in
Reference 7.

Table 1 shows the number of aerobic and anaerobic bacteria at
various depths from the surface of core samples taken at oceanographic
station 2, The number of aerobic bacteria found in the surface layer of the
rore samplp, ranqed from 90,000 to 55,000 per gram of wet sediment. The
number of aerobic bacteria found 3 inches below the surface ranged from
200 to 1,000 per gram of wet sediment, and the number druppeid to.200
to 400 per gram of wet sediment at a depth of 6 inches below the surftac
of the core sample, The number of anaerobic bacteria was low compared
to the number of aerobic bacteria present in the upper section of the core.
However, about 12 inches below the surface of the sediment, the anaerobic
bacterial count was higher than the aerobic bacterial count. Sulfate.reducing
bacteria were present throughout the core samples. The largest numbers of
sulfate.reducers were found at the 6-inch and 18-inch strata of one core
sample, This was indicated by the rapid production of black sulfides in
the seated test tubes containing MIOE medium as compared to other test

V tubes containing samples from other strata. The presence of sulfate.
reducing bacteria in the sediment samples was of particular interest because
these bacteria are considered to be responsible for the anaerobic corrosion
of metals,8

9

In other bacteriological analyses of long cores of marine sediment,
marine bacteria have been found about 100 inches below the surface in
core samples obtained from depths of about 3,000 feet of water'

It was demonstrated that the highest numbers of viable bacteria
were found in samples obtained with a modified ZoBell bacteriological
sampler at the sediment-seawater interface as a mixture of sediment and
seawater. The highest number of aerobic bacteria determined by pour.
plating and counting bacteria on nutrient agar plates (medium 2216E) was
over 2,000,000 per gram of wet sediment,.

16



Table 1. Bacteriological Analysis of Core and Sediment
Samples From Station 2VJ

Location of Station: 340 06'N Cruise A70I-1
120'42'W June 1967

Bacteria in 1 Gram of
WetI Sedimt"Al

C ore?/ D epth (in.) . .. ...... . . .

Aerobic Anaerobic

Surface 55,000 6,000
3 200 300

C-1 6 200 20
13 0 650

Surface 20,000 7,000
3 1,000 500

C.2 6 400 20
12 0 10
18 10 450

Bottom
Sediment;/ 160,000 70,000

j/ Sulfate-raducina biateria werets P ent in all sedimnt wngtrle.
2/, Sample cores were 1.5 inches in disenartr.

/Sarmne taken with a steel pipe dreleg.

In sediment :amples obtained with a pipe dredge over o( eanogrhapiic
station 2 in 2,400 feet of water, the highest aurob;c bacterial c:ount obtained
was 160,000 per gram of wet .diment. The highest anaerobic Iacifcrial
count obtained was about 75,000 per gram of wet sediment.

Sterile Versus Nonsterile Samplers

lnformatiot, about the number of bact.ria ohit,lmim.,ii with se ille
bacteriological water samplers versus nonsteriIe Nansn atd --lar lie botill s
was inconclusive. Generally, the bacterial count was I'tjhir fur ni ilist ,' ,

samplers than for ,,erile bacterioloilical samplers. Hw vvr, there wer,
water samples in which di(tecal numbers of btaclrwa were isol,ituid f(i)

1 2



each type of sampler, and wmetimc.% water frm the nonsterile samplers
contained fewer bacteria than water from the sterile samplers (Table 2).
Kriss"I has found that woter sa aiples collected simultaneously at the 5drile
depth in the Black Sea in unsterilized Nansen and sterilized microbiological
bottfr.; contiined practically the ,,me number of bacteria,

Table 2, Oceanic Bacteria Collected With Sterile and Unsterile
Water Samplers at NCEL Stations

ISamplcs were not all colleted on 1hu rrme dayv

Type of Sampler Used Number of Bacteria
Depth (ft) Per 100 ml

Sterile Unsterile of Seawater

845 x 700
85b x 1,230

1,230 x 1,800
1,240 x 1,200
2,221 x 7

2,226 x3

2,335 x 400
2,343 x 160

2,874 x I
2,879 x 24

3,195 x 15
3,200 x 0

3,592 x 1
3,600 x 0

4.100 x 40
4,105 x 10

4,590 x 1,500
4,600 x1,,500

6,726 x 28
6,736 10

12,017 x2

12,027 x0

12,210 35
12,220 x 22

18



Effect of Pressure on Bacteriological Samplers

When water samplesv&werP taken at fi,H01) atnd 12,000o f-I'ty wIh the-,
bacteriological samplers, a smaull puncture vvas terleAfd in some of the DPWr-
shajpvd rubber bulbs and also in soone of the J/16lb131 x l/1wl t1crs
9'inch-lotig latex rubber suirgical tubings upon recovery. I hte hiuh hydrosialki
pressure enounitered at grpat drepth forced the side of thu rublb-e buklb iilt
thp, opirn enld of the 1- 1/2-inich-long x 5/32.inch-1 ( glass tube! vhich w. ij'fil

to c~fni~t the ritbhor bulb and the surgit-4 tuhin. Ome t-tvj i-f thte surtqical
tubing where a glass tube (sealed at ont! end) was inserted al1,v riiphiteil it
great depth on snveal occasions, 51uch phenmena~ cause premnature iollucc
itnn of the water sanples from kinikti dept hs, Zo~fl 113 rimpurt s similar

flilure inl rubber tubing during the Danish Galati ma Depea Expedition.
The rubber Tube fai lures were ccorrf!cted by fill inl( thl(- glass ILJI m

(sealed at one enrd) with stetile seawalur or distilled wate!r before, use, ind
the rubber bulb) failures were corrected by in!;4rtinig a 1/8-ID x 3/.'32-woit.
thickness x 9-inch-bung natural rubber tubing tnot latex !ijryii11 ri hlbm'r
tuibing) directly into INme openling oif tNe rubber bull) and tluiui sealig tOe
connection with a rubber cement,

Deep Ocean Algae

When d test rack (STU 11-2) was recovered ftorn diepth of 2,00
feet 4, 15 the surfaces of some of the motal sped im#!i iS ~ siid sa iuumu
K-Monel, and d Mormel 400 bolt had numvetis pits filledl with corriision
products. Chemical analysis conducted on) the corrosion proijucts frimd
inl these pits, revealed the presence of a low to nioderiate afilnut ofala
;rid some diatoms in addition tu metal ox ides.

Finding algae at this depth in the, Pacific Ocean was -;t urpr isi fiil. Thle

tmicroscopic plants found in t he corrosioin proda ucts uni Id hui, a spec is i)f

blue-green algae (Cyanophyceau). these- alg-in are? repi(irtnI t(i he! found ini
largo- numbers between 1,300 anuS 1:3,000 feet in) the At antic anuS
Mediterranean. 16

DISCUSSION

A5 dverw envrmiroi.uutil ciiiuitiiiii' it qrisi uti ii t.- ir. , dit It
as fiear- freiving water tii1npt{riiiuniC high hydirslti apr-,,mire, aiiItra

darkn ess, ighot be expected toi slow luak-lir il at tuvi ty Hnv,#ie..yr, tiltJ.q

'Y!'. ticroorjluisf11 v'eru. friid to bi er di ( k Iv Vanit .1 1li-pth P . .



feet when given suitable substrate for mu.ltiplication. 7
, i, 14 For example,

when natural fibers in the form of cotton and Manila rope, and burlap (some
covered with coal tar) were exposed on the sea floor, the mateiials were
quickly destroyed by the activity of marine mlcroorganisms. Heavy slime
growth composed of microorgarisms was also found ccvering the entirn
surface of a flexible vinyl ube. The plastic tube contained chernical com-
pounds (plasticizers) which served as a substrate for the growth of these
microorganisms. Examination of the vinyl tube showed that it had lost its
flexibility and had shrunk. 7

Any engineering materia;s, such as metals, plastics, eastomers, paints,
and protective coatings placed in thu sediments and in seawater where marine
microorganisms are present will be adversely affected. Since marine bacteria
are the first marine organisms to attach (o suomerged objects they play an
imp.7rtant role in tl'e fouling o submerged surfaces by (1) affcirding a foot-
hold for other animals, (2) discoloring glazed or bright surfaces, (3) serving
asa source of food for barnacles, etc., and (41 promoting the early deposition
of the calcareous cements of sessile animals.6 It is not possible to state whici
ueecies of bacteria are of significance to the structural designer; however, it
is known that sulf-ate-reducing anaerobic bacteria are of significance. The
degree of significance, particularly with respect to hydrogen embrittlement
of high-strength steels which are under stress, depend, upon the population
of anaerobic bacteria and the 3mount of H2S (hydrogen sulfide) generated.
Cases of failure of deep oil well casings by the H2 S produced by these
bacteria are well known.

CONCLUSIONS

The variation in the bacteri,:l population with depth does not seem
to be influenced by any single environmental factor. However, the combined
effects of water zc )erature, undersea currents, and availability of food
could be responsible for variati ons in the vertical distribution of bacteria in
the ocean environment.

20
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The vertical distribution of bacteria and its relationship to the environmental parameters
from the surface of the sea to a depth of 12,000 feet was studied off the coast of Southern
California near the Santa Barbara Channel Islands. The bacterial population varied randomly
with location and depth. The highest bacterial count (12,000 per 100 ml of seawater) was

found at depths between 2,300 and 2,700 feet in the minimum oxygen ;one. The lowest
number of bacteria (about 5 per 100 ml of seawater) was found near the sea floor at a depth

of 12,000 feet. The variation of bacterial population density with depth does not se.m Io be
influenced by any single environmental factor. This report also presrnts data on the

bacteriological analysis of sediment samples, a comparison of the number of bacteria present
in seawater samples collected with sterile bacteriological samplers and onsterile water

samplers, and incidence of failures of rubber components of bacteriological samplers.
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